(12) 



UK Patent Application ( , 9 >GB <„ 2 1 04 099 A 



(21) 
(22) 
(30) 
(31) 
(32) 
(33) 

(43) 

(51) 



(52) 



(56) 



(58) 



Application No 8213006 

Date of filing 5 May 1 982 

Priority data 

292456 

13 Aug 1981 

United States of America 
(US) 

Application published 
2 Mar 1983 
INT CL 3 

C22C 38/00 19/00 H04B 
1/59 

Domestic classification 
C7A716 A230 A231 
A233 A235 A237 A239 
A23X A23Y A241 A243 
A245 A247 A249 A24X 
A25Y A263 A266 A269 
A272 A276 A279 A27X 
A280 A289 A28X A28Y 
A290A293 A296 A299 
A305 A307 A309 A30Y 
A311 A313 A316A319 
A31X A320 A323 A326 
A329 A339 A349 A350 
A352 A354A356 A358 
A35X A35Y A360A362 
A364 A366A369 A36Y 
A389 A409 A439 A459 
A509 A514A517 A519 
A51YA521 A523 A525 
A527 A529 A52XA53Y 
A541 A543 A545 A547 
A549 A54X A579 A599 
A609 A615 A617 A619 
A61X A61 Y A621 A623 
A625 A627 A629 A62X 
A671 A673 A675 A677 
A679A67XA681 A683 
A685 A687 A689 A68X 
A693 A695 A696 A697 
A699 A69XA70X 
H4LGF 

U1S 1461 2188 3078 C7A 

Documents cited 

GBA 2067847 

GB 1585303 

EPA 0020937 

GB 1581737 

EPA 0017801 

GBA 2038358 

GBA 2023173 

GB 1538385 

Field of search 

C7A 

H4L 



(71) Applicants 

Allied Corporation 
(USA — New York), 
Columbia Road and Park 
Avenue, Morris Township, 
Morris County, New 
Jersey 07960, United 
States of America 

(72) Inventors 

John Anthony Gregor, 
Gregory Jude Sellers 
(74) Agents 

J. A. Kemp and Co., 

14 South Square, Gray's 

Inn, London WC1 R 5EU 



(54) Amorphous antipiiferage 
marker 

(57) A magnetic theft detection 
system marker is adapted to generate 



magnetic fields at frequencies that ( 1 ) 
are harmonically related to an incident 
magnetic field applied within an 
interrogation zone and (2) have 
selected tones that provide the marker 
with signal identity. The marker is an 
elongated, ductile strip of amorphous 
ferromagnetic material having a 
composition defined by the formula 
M a N b O c X d Y e Z f , where M is at least 
one of iron and cobalt, N is nickel, O is 
at least one of chromium and 
molybdenum, X is at least one of 
boron and phosphorous, Y is silicon, Z 
is carbon, "a" — "f" are in atom 
percent, "a" ranges from 35 — 85, "b" 
ranges from 0 — 45, "c" ranges from 
0 — 7, "d" ranges from 5 — 22, "e" 
ranges from 0 — 1 5 and "f" ranges 
from 0 — 2, and the sum of d+e+f 
ranges from 15 — 25. 



The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Amorphous antipilferage marker 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates to antipilferage systems and markers for use therein. More particularly, the 5 

invention provides a ductile, amorphous metal marker that enhances the sensitivity and reliability of the 
antipilferage system. 

2. Description of the Prior Art 

Theft of articles such as books, wearing apparel, appliances and the like from retail stores and 
1 0 state-funded institutions is a serious problem. The cost of replacing stolen articles and the impairment 1 0 
of services rendered by institutions such as libraries exceeds $6 billion annually and is increasing. 

Systems employed to prevent theft of articles generally comprise a marker element secured to an 
object to be detected and instruments adapted to sense a signal produced by the marker upon passage 
thereof through an interrogation zone. 
1 5 One of the major problems with such theft detection systems is the difficulty of preventing 1 5 

degradation of the marker signal. If the market is broken or bent, the signal can be lost or altered in a 
manner that impairs its identifying characteristics. Such bending or breaking of the marker can occur 
inadvertently during manufacture of the marker and subsequent handling of merchandise by employees 
and customers, or purposely in connection with attempted theft of goods. The present invention is 
20 directed to overcoming the foregoing problems. 20 

SUMMARY OF THE INVENTION 

Briefly stated, the invention provides an amorphous ferromagnetic metal marker capable of 
producing identifying signal characteristics in the presence of an applied magnetic field. The marker 
comprises an elongated, ductile strip of amorphous ferromagnetic material having a composition 

25 consisting essentially of the formula M a N b O c X d Y e Z f , where M is at least one of iron and cobalt, N is 25 
nickel, 0 is at least one of chromium and molybdenum, X is at least one of boron and phosphorous, Y is 
silicon, Z is carbon, "a" — "f" are in atom percent, a ranges from about 35 — 85, b ranges from about 
0 — 45, c ranges from about 0 — 7, d ranges from about 5 — 22, e ranges from about 0 — 1 5 and f ranges 
from about 0—2, and the sum of d + e + f ranges from about 1 5—25. The marker resists breaking 

30 during manufacture and handling of merchandise to which it is secured, and retains its signal identity 30 
when flexed or bent. 

In addition, the invention provides a magnetic detection system responsive to the presence within 
an interrogation zone of an article to which the marker is secured. The system has means for defining an 
interrogation zone. Means are provided for generating a magnetic field within the interrogation zone. An 

35 amorphous magnetic metal marker is secured to an article appointed for passage through the 35 
interrogation zone. The marker comprises an elongated, ductile strip of amorphous ferromagnetic metal 
material having a composition consisting essentially of the formula M a N b O c X d Y e Z f , where M is at least 
one of iron and cobalt, N is nickel, O is at least one of chromium and molybdenum, X is at least one of 
boron and phosphorous, Y is silicon, Z is carbon, "a" — "F" are in atom percent, "a" ranges from about 

40 35 — 85, "b" ranges from about 0 — 45, "c" ranges from about 0 — 7, "d" ranges from about 5 — 22, "e" 40 
ranges from about 0 — 1 5 and "f " ranges from about 0 — 2, and the sum of d + e + f ranges from about 
1 5 — 25. The marker is capable of producing magnetic fields at frequencies which are harmonics of the 
frequency of an incident field. Such frequencies have selected tones that provide the marker with signal 
identity. A detecting means is arranged to detect magnetic field variations at selected tones of the 

45 harmonics produced in the vicinity of the interrogation zone by the presence of the marker therewithin. 45 
The marker retains its signal identity after being flexed or bent. As a result, the theft detection system of 
the present invention is more reliable in operation than systems wherein signal degradation is effected 
by bending or flexing of the marker. 

BRIEF DESCRIPTION OF THE DRAWINGS 
50 The invention will be more fully understood and further advantages will become apparent when 50 

reference is made to the following detailed description of the preferred embodiment of the invention 
and the accompanying drawings in which: 

FIG. 1 is a block diagram of a magnetic theft detection system incorporating the present invention; 

Fig. 2 is a diagrammatic illustration of a typical store installation of the system of Fig. 1 ; 
55 Fig. 3 is an isomeric view of a marker adapted for use in the system of Fig. 1 ; 55 

FIG. 4 is an isomeric view of a desensitizable marker adapted for use in the system of Fig. 1 ; and 

FIG. 5 is a schematic electrical diagram of a harmonic signal amplitude test apparatus used to 
measure the signal retention capability of the amorphous ferromagnetic metal marker of this invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figs. 1 and 2 of the drawings, there is shown a magnetic theft detection system 1 0 
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field within the interrogation zone 1 2. A , Warier ^ 6 isTecuredto an^f d 9eneratin 9 ■ magnetic 
through the interrogation zone 1 2. The marker comnril* a 6 1 9 a PP° in ted for passage 

5 ferromagnetic meta, having a compos" ^Z^^nt^^?"^ 1 8 ° f ^orphous. 
;s at least one of iron and cobalt. N is nickel. 0 is a least on o chrnm M > N »°<W,. where M 

east one of boron and phosphorous. Y is silicon Z is carbon » "f 3 mo,ybclenum ' * « at 
from about 35-85. "b" ranges from about 0-45 "c " Ve n n J * f~ « 3t ° m PerCent ' " a " ran 9es 

5—22. "e" ranges from about 0—1 5 and "f " r a n„' < 9 ! ° m about °~ 7 ■ " d " ranges from about 
1 0 from about 1 5-25. The marker is caoabt of ■ ab ° Ut °~ 2 ' 3nd tne sum of d + * + f ranges 

harmonics of the frequency o = an TncK Neld Such f? 9 m39netic « eld s at frequencies which are ° 
marker with signal identity A detect n mea^s 2C a ra^d'tod 7' Se,6Cted t0n6S that pr ° vide th * 
selected tones of the harmonics produced in the vidnltv of* 1 ♦ magnetic field variations at 

i marker 1 6 therewithin. the V ' Cmity of the 'nterrogation zone 1 2 by the presence of 

.eadingToTh'e^ 24 disposed on opposing sides of a path 

3° ft 5 "* eXit 2 6 Art i de s of me rc h a n'di le' *1 9 'such' as* w ^a rVi ^ ^ ' '* ^ W ' thin 

the l,ke are displayed within the store. Each of the art cles Q a ^ wear,n 9 a P P arel. appliances, books and 

constructed in accordance with the present mvention rZ u " red theret ° 8 marker 1 6 

20 amorphous ferromagnetic strip 1 8 that S nl m3rker 1 6 includ es an elongated ductile 

activated mode, placement ofan S 9 be Tw een coil unl^ ^ m3rke ' 1 6 is * "he 

cause an alarm to be emitted from cabinet 30 ^ th"e 3 3nd 24 of inte rrogation zone 12 will 

removal of articles of merchant 19 from the store m3nner ' SVStem 1 ° Pr6Vents -authorized 

25 ^^S^ 

system 38 has detection circuitry .dapS Uc S a oauLT * l ° T arker 1 6 ' The ^activation 

30 9e T at t d bV marker 1 6 - The gaussing^ircuk applies tomarS 9 1 L" reSP ° nSe t0 harmonic si 9 na 's 

30 marker 16 m a deactivated mode. The article 19 carXin^Jl H , ^ ma 9netic f 'e' d that places the 
earned through interrogation zone 12 without t^gSthe at rm 16 m3V ,hen be 

The theft detection system cirrmtrv 99erin 9 tne ala rm 28 in cabinet 30. 

capable of (1 , generating^ aXerTo^zonVan TrSTJ & " Mn be ^ system 

magnetic field variations at selected harmnnir fl incident magnetic field, and (2) detectinq 

3 * .one by the presence of the marker t£^^PZ£ ' n th6 of the '"tuition 

varying eIectrical current from an o^^T^'S^^J^T^ me3nS for transmitting a 

antenna capable of developing a varying maqneticTe d An 9 C ° nd f uct,ve COils tnat form a frame 
disclosed in French Patent 763.68 1 pubSS May 4 1 SUCh antenna arrangement is 

by reference thereto. M May 4 ' 1 934 - wnic n description is incorporated herein 



40 

marker is provided 



I — » w« "IUIUIM 

consisting essentially of the formula M N OX Y 2 Sh2 ^ ! 6 Str ' P baving a composition 
n-cke.. o is at least one of chromium an i mofedenum xtJf " 6351 ° ne ° f ' r0n and coba,t ' N is 
45 S k C ° n . 2 ' S Carbon - " a "-" f " are in atom percent vv. V ' ° f b ° r ° n and Phosphorous. Y is 
abo ^ 0-45. »c" ranges from about 0^7 ? ranoes rnS Vh^ f °oo 35 ~ 85 ' " b " ran 9« from 
0-1 5 and -f ranges from about 0-2 and the sum o dT l \ 6 " fangeS from about 

marker is capable of producing magnetic fSn, , 6 f ran9es from about 1 5—25. The 

an incident field. 9 magnet,c flelds at frequences which are harmonics of the frequency of 
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Examples of amorphous ferromagnetic marker compositions within the scope of the invention are 
set forth in Table I below: 



TABLE [ 
Composition Percent 







Fe 


Co 


Ni 


Mo 


B 


P 


Si 


Fe-Ni-Mo-B 


atom % 
weight % 


40 
45 


— 


47 


o 
4 


1 Q 
I O 

4 




— 


Fe-Ni-P-B 


atom % 
weight % 


39.2 
43.23 




40.2 
46.62 




6.2 
1.32 


14.4 
8.83 




Fe-Ni-B 


atom % 
weight % 


40 
46.6 




40 
48.9 




20 
4.5 






Fe-B 


atom % 
weight % 


97.7 
93.58 








20.3 
4.62 






Fe-Mo-B 


atom % 
weight % 


77.5 
90.47 






2.5 
5.01 


20 
4.52 






Co-Fe-Mo-B-Si 


atom % 
weight % 


5.5 
6.19 


67.5 
80 




2 

3.86 


12 
2.61 




13 

7.34 
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Examples of amorphous metallic alloy that have been found unsuitable for use as a magnetic theft 
detection system marker are set forth in Table II below: 



TABLE II 
Composition Percent 





Example 1 






Example 2 




Ni 


Atom % 


71.67 


Ni 


Atom % 


65.63 




Weight % 


84.40 




Weight % 


76.97 


Cr 


Atom % 


5.75 


Cr 


Atom % 


1 1.55 




Weight % 


6 




Weight % 


12.0 


B 


Atom % 


12.68 


B 


Atom % 


1 1.58 




Weight % 


2.75 




Weight % 


2.5 


Si 


Atom % 


7.10 


Si 


Atom % 


7.13 




Weight % 


4 




Weight % 


4 


Fe 


Atom % 


2.23 


Fe 


Atom % 


3.14 




Weight % 


2.5 




Weight % 


3.5 


C 


Atom % 


.25 


C 


Atom % 


.12 




Weight % 


.06 




Weight % 


.03 


P 


Atom % 


.032 


P 


Atom % 







Weight % 


.02 




Weight % 


— 


S 


Atom % 


.031 


S 


Atom % 






Weight % 


.02 




Weight % 




Al 


Atom % 


.093 


Al 


Atom % 






Weight % 


.05 




Weight % 




Ti 


Atom % 


.052 


Ti 


Atom % 






Weight % 


.05 




Weight % 




Zr 


Atom % 


.027 


Zr 


Atom % 






Weight % 


.05 




Weight % 




Co 


Atom % 


.085 


Co 


Atom % 


.85 




Weight % 


.1 




Weight % 


1.0 
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The amorphous ferromagnetic metal marker of the invention is prepared by cooling a melt of the 
desired composition at a rate of at least about 1 0 s °C/sec, employing metal alloy quenching techniques 5 
well-known to the glassy metal alloy art; see. e.g., U.S. Patent 3,856.5 1 3 to Chen et al. The purity of all 
compositions is that found in normal commercial practice. 

A variety of techniques are available for fabricating continuous ribbon, wire sheet etc. Typically a 
particular composition is selected, powders or granules of the requisite elements in the desired portions 
are melted and homogenized, and the molten alloy is rapidly quenched on a chill surface such as a 10 
rapidly rotating metal cylinder. 

Under these quenching conditions, a metastable, homogeneous, ductile material is obtained. The 
metastable mater.al may be glassy, in which case there is no long-range order. X-ray diffraction patterns 
ot glassy metal alloys show only a diffuse halo, similar to that observed for inorganic oxide glasses Such 
glassy alloys must be at least 50% glassy to be sufficiently ductile to permit subsequent handling such 1 5- 
as stamping complex marker shapes from ribbons of the alloys without degradation of the marker s 
ductHity t,tV " Preferably ' the glass * metal marker m "St be at least 80% glassy to attain superior 

The metastable phase may also be a solid solution of the constituent elements. In the case of the 
marker of the invention, such metastable. solid solution phases are not ordinarily produced under 20 
n^nl'of l Pr ° C , e r m , 9 technic ' ues employed in the art of fabricating crystalline alloys. X-ray diffraction 
Srfth 21 I Z ? ■ so,u , t,on all °V s sh °w the sharp diffraction peaks characteristic of crystalline alloys 
w.th some broadening of the peaks due to desired fine-grained size of crystallites. Such metastable 
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materials are also ductile when produced under the conditions described above 

in ,hpftir 3 ? er ° f th r invention is advantageously produced in foil (or ribbon) form," and may be used 

foi of^lassv ZtT* In 3 '' 0 " 3 T 1 ' Whethe : the materia ' iS 9 ' asSy or a solid ^"tion. A.ternativefy 
to^s of glassy metal alloys may be heat treated to obtain a crystalline phase preferablv fine-arained in 
5 order to promote longer die life when stamping of complex marker shapes is contemplated Ma rkHs 

* ' rVSt |" in !' P artia " y 9laSSV ph3SeS are ^ited to be SESS zediya 

deact.vation system 38 of the type shown in Fig. 2. Totally amorphous ferromagnetic marker strips can 
be provided with one or more small magnetizable elements 44. Such elements44 are made of 
m IBM re9 '° nS ° ferroma 9 netic material having a higher coercivity than that possessed by the strip 
10 18. Moreover totally amorphous marker strip can be spot welded, heat treated with coherent or P 

Ltrin Ztl 1* n at l°\ C , Pan l C l B beamS ' dir6Cted flameS ' heated wires or the Iik a to provide the 

i TrZ 1h Tl 1 a,ements 44 that are inte 9ral therewith. Further, such elements 44 can be 
integrated w.th strip 1 8 dur.ng casting thereof by selectively altering the cooling rate of the strip 1 8 
Cooling rate alteration can be effected by quenching the alloy on a chill surface that is slotted or ' 

r°n hi"!? 63 * ' ?£ 0rt ' 0nS . adapt6d t0 a " OW partial crystallization during quenching. Alternatively, alloys 
can be selected that part.ally crystallize during casting. The ribbon thickness can be varied during 
casting to produce crystalline regions over a portion of strip 1 8. 

ThP m U r Dt > r ( m ,T n ' magnetization of the elements 44, their permeability is substantially decreased. 
20 L thTm fl nn t ?H aSS0C,3ted T h *"* ma 9™tization °'as the strip 1 8 and thereby alter its response 
20 to the magnetic field extant .n the interrogation zone 12. In the activated mode, the strip 1 8 is unbiased 20 
Zi nr ! T rt permeabilit * state of stri P 1 8 ha. a Pronounced effect upon the magnetic 2 ° 

liJifnfiil f bV f,e u 9 e " eratin 9 means 14. The marker 16 is deactivated by magnetizing 
elements 44 to decrease the effective permeability of the strip 1 8. The reduction in permeabilit? 
s.gn.ficantly decreases the effect of the marker 1 6 on the magnetic field, whereby the marker 16 loses 
25 its signal identity (e.g.. marker 1 6 is less able to distort or reshape the field). Under these conditions the 25 
protected articles 1 9 can pass through interrogation zone 1 2 without triggering alarm 28 
m , am ° rphou! ! ferromagnetic marker of the present invention is exceedingly ductile. By ductile is 
fTactu J 2 SThT?- C r an . t0 8 r ° Und radlUS 38 Sma " 33 t6n timeS the fo'' thickness wkhout 

30 JSr^SSSSS^^ "I ha — - 9— ted 
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by he marker upon application of the interrogating m ^^'^7^^S^^ 30 
retams its signal identity despite being flexed or bent during ( 1 ) manufacture (e.g., cut ting, stamp ng or 
otherwise forming the strip 1 8 into the desired length and configuration) and, opt onally ^pp'yTnc h^d 
Tp T 10 Pr ° dUCe 90 ° n/0ff marker " (2) a PP^ation of the marker 1 6 to he protected 
35 22£t f ^ ° the artiCleS 1 9 by empl °y ees an d customers and (4) attempts at signal 
35 destruction designed to circumvent the system 10. 35 

m„rwi?T«t ati0n ° f * armonics b V ma rker 1 6 is caused by nonlinear magnetization response of the 
P„rm!ii « mC ' d , e magnetic field " Hi 9 h Permeability-low coercive force material such as 
Permalloy, Supermalloy and the like produce such nonlinear response in an amplitude region of the 

*n A^ en K < erem the ma 9 ne tic field strength is sufficiently great to saturate the material 

^m°r, P ^ OUS ferroma 9 net 'c materials have nonlinear magnetization response over a significantly greater 40 
amplitude region ranging from relatively low magnetic fields to higher magnetic field values 
b v P /mnmh^,t a f tUrati ° n - additional amplitude region of nonlinear magnetization response possessed 
by amorphous ferromagnetic materials increases the magnitude of harmonics generated by and hence 
the s.gnal strength of, marker 1 6. This feature permits use of lower magnetic fields, eliminates false 

45 alarms and improves detection reliability of the system 10. atesra.se 
Th* ™e following examples are presented to provide a more complete understanding of the invention 
The specific techniques, conditions, materials and reported data set forth to illustrate the principles and 
practice of the invent.on are exemplary and should not be construed as limiting the scope of the 
i n venxio n . 



50 EXAMPLE I 



. My E '° n R 9 r ate T d h Strlps of ferromagnetic material were tested in Gaylord-Magnavox Security Syste 
#MX-526 C. The composition and dimension of the strips were as follows: 



50 



55 



Strip # 


Composition (Atom %) 


1 


Fe 40 Ni 40 Mo 2 B 18 


2 


( c o.92 5 Fe 075 ) 73 Mo 2 B 12 Si 


3 


^ e siC 2 Si 4 5 B 12 5 


4 


Fe 40 Ni 40 B 20 


5 


Conetic Permalloy 



Dimensions (Cm) Material 



10.2 x .318 Amorphous 

10.2 x .318 Amorphous 55 

10.2 x .318 Amorphous 

10.2 x .135 Amorphous 

— Crystalline 
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The Gaylord-Magnavox system applied, within an interrogation zone 1 2, a magnetic field that 
increased from 0.08 Oersted at the center of the zone to 0.2 Oersted in the vicinity of interior walls of 
the zone. The security system was operated at a frequency of 8 kHz. 

Each of strips 1 — 5 were twice passed through the security system interrogation zone parallel to 
the walls thereof. The strips were then flexed to produce a degraded condition and passed through the 
interrogation zone 1 2 as before. The results of the example are tabulated below. 

Strip # Condition of Material Activated Alarm 



10 2 before bendinn woe 10 



15 



1 


before bending 
after bending 


yes 
yes 


2 


before bending 
after bending 


yes 
yes 


3 


before bending 
after bending 


yes 
yes 


4 


before bending 
after bending 


yes 
yes 


5 


before bending 
after bending 


yes 
no 
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EXAMPLE II 

In order to demonstrate quantitatively the signal retention capability of the amorphous 

20 antipilferage marker of the invention, elongated strips composed of ferromagnetic amorphous and 20 
crystalline materials were prepared. The strips were evaluated to determine their signal strength before 
and after flexure using a harmonic signal amplitude test apparatus 1 00. A schematic electrical diagram 
of the test apparatus 1 00 is shown in Fig. 5. The apparatus 1 00 had an oscillator generator 1 01 for 
generating a sinusoidal signal at a frequency of 1 .0 kHz. Oscillator generator 101 drove a power 

25 amplifier 102 connected in series with an applied field coil 104 through a sampling resistor 106. The 25 
current output of amplifier 1 02 was adjusted to produce a magnetic field of 1 .0 Oersted within applied 
field coil 1 04. The voltage, V, across sampling resistor 1 06 was measured by digital voltmeter 1 00 and 
the current, I, in the coil 2 was calculated from Ohms Law, I - V/R. There was no applied dc field, and 
the coil 1 04 was oriented perpendicular to the earth's magnetic field. Applied field coil 1 04 was ' 

30 constructed of 121 turns of closely wrapped, #1 4 AWG. insulated copper wire. Coil 1 04 had an inside 30 
diameter of 5. 1 cm and was 45.7 cm long. Pick-up coil 1 1 2 was constructed of 540 turns of closely 
wrapped #26 AWG. insulated copper wire. The coil 1 1 2 had an inside diameter of 1 .9 cm and was 
7.6 cm long. A sample marker 1 1 0 was placed in pick-up coil 112, which is coaxially disposal inside 
the applied field coil 1 04. The voltage generated by the pick-up coil 1 1 2 was fed into tunable wave 

35 analyser 1 1 4 comprised of a frequency selectable band pass filter and ac voltmeter. The band pass filter 35 
was tuned to 5 kHz, an odd integer multiple of the drive frequency generated by the oscillator generator 
1 01 . The amplitude of harmonic response by the sample marker 1 1 0 was measured with the wave 
analyzer 1 1 4 and indicated by an analog display. A dual channel oscilloscope 1 1 6 was also used to 
graphically display the applied and reradiated signal. 

40 The harmonic generation test apparatus 1 00 was used to test marker samples composed of 40 

materials identified in Table III. Each of the samples, numbered 1 —1 3 in Table 111 was 1 5 cm long The 
samples were placed inside pick-up coil 1 1 2 and applied field coil 104 and the amplitude of harmonic 
response for each sample 1 1 0 was observed. Thereafter the samples were helically wound around a 5- 
mm diameter mandrel to produce a degraded condition, straightened and placed in pick-up coil 1 1 2 and 

45 applied field coil 1 04, as before, to observe the amplitude of harmonic response produced thereby 45 
Finally, the samples were U-bent to a diameter of 22 times their thickness to produce a further 
degraded condition and placed inside coils 1 12 and 104 to observe the harmonic response thereof The 
harmonic signal amplitude retention capability of the samples is set forth below in Table III 
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TABLE III 

Harmonic Signal 
Dimensions After 



Sample 
No. 


Composition 


Structure 


Wdt. 
mm 


Thk 
m 


Before 
Flexure 


Mandrel 
Bend* 


After 
U-Bend* 


1 


Fe 40 Ni 40 P 14 B e 


Amorphous 


0.97 


38 


44 


46 


42 


2 


Fe 8 5 B 15 


Amorphous 


1.09 


31 


86 


88 


78 


3 


F e40 N '40 M °2 B 18 


Amorphous 


1.85 


61 


140 


135 


130 


4 


Co 72 Fe 6 Mo 2 B 15 Si 5 


Amorphous 


1.91 


38 


167 


167 


150 


5 


Fe^Co^B^Si, 


Amorphous 


1.73 


46 


140 


140 


1 15 


6 


(Deltamax) 


Crystalline 


2.26 


58 


32 


7 


6 


7 


(Supermalloy) 


Crystalline 


4.1 


25 


71 


56 


56 


8 


Fe 40 Ni 40 B 20 


Amorphous 


1.68 


51 


63 


65 


63 


9 


Fe 81 B 13 Si 4 C 2 


Amorphous 


2.06 


31 


72 


74 


76 


10 


Fe 80 B 20 


Amorphous 


.97 


38 


44 


46 


42 


1 1 


Fe 30 Ni 50 B 20 


Amorphous 


1.30 


51 


37 


32 


42 


12 


^80^7^13 


Amorphous 


1.02 


48 


65 


64 


30 


13 


Fe 78 Mo 2 B 20 


Amorphous 


1.45 


46 


50 


50 


45 



* Helical Wrap on a 5.0-mm diameter mandrel. 
** U-bent to a bend diameter of 22 times ribbon thickness. 



As shown by the data reported in Table III, the samples composed of amorphous, ferromagnetic 
material, applicant's claims retained 90% of their original harmonic amplitude after flexing and bending, 
whereas the samples composed of crystalline materials having the tradenames "Deltamax" and 
5 "Supermalloy" retained less than 75% of the original harmonic amplitude after flexing and bending. 5 

CLAIMS 

1 . For use in a magnetic theft detection system, a marker adapted to generate magnetic fields at 
frequencies that are harmonically related to an incident magnetic field applied within an interrogation 
zone and have selected tones that provide said marker with signal identity, said marker comprising an 

10 elongated, ductile strip of amorphous ferromagnetic material having a composition consisting 10 
essentially of the formula M a N b O c X d Y e Z f , where M is at least one of iron and cobalt, N is nickel, O is at 
least one of chromium and molybdenum, X is at least one of boron and phosphorous, Y is silicon, Z is 
carbon, "a" — "f " are in atom percent, "a" ranges from about 35 — 85, "b" ranges from about 0 — 45, 
"c" ranges from about 0 — 7, "d" ranges from about 5 — 22, "e" ranges from about 0 — 1 5 and "f " 

1 5 ranges from about 0 — 2, and the sum of d + e + f ranges from about 1 5 — 25 and retaining its signal 1 5 
identity after being flexed or bent. 

2. A marker as recited in claim 1 , said marker having at least one magnetizable portion integral 
therewith, the magnetizable portion having coercivity higher than that of said amorphous material. 

3. A marker as recited in claim 2, wherein said magnetizable portion is adapted to be magnetized 

20 to bias said strip and thereby decreases the amplitude of the magnetic fields generated by said marker. 20 

4. A marker as recited in claim 2, wherein said magnetizable portion comprises a crystalline region 
of said material. 

5. A marker as recit d in claim 3, wherein said decrease in amplitude of magnetic fields generated 
by said marker causes said marker to lose its signal identity. 

25 6. In a magn tic theft detection system marker for generating magnetic fields at frequencies that 25 

are harmonically related to an incident magnetic field applied within an interrogation zone and have 
selected tones that provide said marker with signal identity, the improvement wherein: 
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a. said marker comprising an elongated, ductile strip of amorphous ferromagnetic material having 
a composition consisting essentially of the formula M a N b O c X d Y e Z f , where M is at least one of iron and 
cobalt, N is nickel, 0 is at least one of chromium and molybdenum, X is at least one of boron and 
phosphorous, Y is silicon, Z is carbon, "a" — "f " are in atom percent, "a" ranges from about 35 85 "b" 

5 ranges from about 0—45, "c" ranges from about 0—7, "d" ranges from about 5 — 22, "e" ranges from 5 
about 0—1 5 and "f " ranges from about 0 — 2, and the sum of d + e + f ranges from about 1 5 25. 

b. said marker retains its signal identity after being flexed or bent. 

7. A magnetic detection system responsive to the presence of an article within an interrogation 
zone, comprising: 
10 a. means for defining an interrogation zone; 

b. means for generating a magnetic field within said interrogation zone; 

c. a marker secured to an article appointed for passage through said interrogation zone said 
marker comprising an elongated, ductile strip of amorphous ferromagnetic metal having a composition 
consisting essentially of the formula M a N b O c X d Y e Z f , where M is at least one of iron and cobalt, N is 

1 5 nickel, 0 is at least one of chromium and molybdenum, X is at least one of boron and phosphorous Y is 15 
silicon, Z is carbon, "a"— "f " are in atom percent, "a" ranges from about 35—85, "b" ranges from' 
about 0—45, "c" ranges from about 0—7, "d" ranges from about 5—22, "e" ranges from about 

0 — 1 5 and "f" ranges from about 0 — 2, and the sum of d + e + f ranges from about 1 5 25 said 

marker being capable of producing magnetic fields at frequencies which are harmonics of the frequency 

20 of an incident field; M y 2 q 

d. detecting means for detecting magnetic field variations at selected tones of said harmonics 
produced in the vicinity of the interrogation zone by the presence of the marker therewithin said 
selected tones providing said marker with signal identity and said marker retaining said siqnal identity 
after being flexed or bent. 

25 8. For use in a magnetic theft detection system, a marker adapted to generate magnetic fields at 25 

frequencies that are harmonically related to an incident magnetic field applied within an interrogation 
zone and have selected tones that provide said marker with signal identity, said marker comprising an 
elongated, ductile strip of amorphous ferromagnetic material having a composition consisting 
essentially of the formula M a N b O c X d Y e Z f , where M is at least one of iron and cobalt, N is nickel O is at 

c*U least one of chromium and molybdenum, X is at least one of boron and phosphorous, Y is silicon Z is 30 
carbon, a — f are m atom percent, "a" ranges from about 35—85, "b" ranges from about 0—45 
c ranges from about 0—7. "d" ranges from about 5—22, "e" ranges from about 0—1 5 and "f " 
ranges from about 0 — 2, and the sum of d + e + f ranges from about 1 5 25. 

9. An amorphous antipilferage marker constructed and arranged to operate substantially as 
Jt> hereinbefore described with reference to the accompanying drawings. 

1 0. A magnetic detection system constructed and arranged to operate substantially as 
hereinbefore described with reference to and as illustrated in the accompanying drawings. 
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